Twenty preterm infants (gestational age range 27-36 weeks) who had never been fed enterally were studied. Doppler indices of flow velocity from the superior mesenteric and coeliac arteries were measured immediately before, and at postprandial time intervals up to 60 minutes after, a first feed of 1 ml of milk given through a nasogastric tube. There were no significant differences between the preprandial and postprandial values of blood pressure, heart rate, oxygen and carbon dioxide tensions, and pH.
It is the practice in many neonatal units to delay the introduction of enteral feeding in preterm infants if they are unwell. Basal plasma concentrations of certain gut hormones,' 2 postprandial surges in their plasma concentrations,3 4 and the postprandial motor response of the small intestine5 in preterm infants are to some extent dependent on the magnitude of previous exposure of the gut to milk feeds.
Doppler ultrasound measurements of flow velocity in the superior mesenteric artery have been reported in adults6 7 and more recently in preterm infants.8 To our knowledge there have been no reports of postprandial flow velocity in abdominal vessels in response to the introduction of a uniform, small bolus of milk in preterm infants who have not previously received enteral feeds. Recently Leidig reported postprandial changes in flow velocity from the superior mesenteric arteries of preterm infants, but most of these infants had already been established on enteral feeds and their postprandial flow velocity was measured after varying volumes of bolus feed. 8 In our neonatal unit it is usual to start milk feeding in very preterm babies with bolus volumes as small as 1 ml at hourly intervals. It is not uncommon for the nurses to observe self correcting hypoxaemic episodes (on transcutaneous monitoring), with or without bradycardias and apnoeas, within a few hours of the start of feeding that resolve when feeding is temporarily discontinued. It was not the purpose of this study to explore the relationship of these episodes to postprandial changes in flow velocity in gastrointestinal arteries. Instead, we wished to determine whether in very preterm babies ofdifferent postnatal ages, the first enteral feed of a very small bolus of milk was associated with postprandial changes in Doppler flow velocity measured at the superior mesenteric and coeliac arteries.
Patients and methods
We studied 20 preterm infants (seven girls and 13 boys) whose weight and age characteristics are shown in table 1. Although some had previously been treated for respiratory distress none had ever shown signs or symptoms of intestinal disease and all were apparently healthy at the time of the study with no clinical signs of patent ductus arteriosus. Umbilical catheters had been removed at least 24 hours before the start of the study. None of the infants had previously received any food enterally.
A nasogastric feeding tube (deadspace 0 25 ml) was passed and after a 30 minute period of stabilisation, baseline Doppler blood flow velocities in the superior mesenteric and coeliac arteries were measured. Each baby was then 'fed' with 1 25 ml of milk introduced through the nasogastric tube. Sixteen babies received a modified cows' milk formula, and the remainder expressed breast milk, according to the mother's preference.
Blood flow velocity measurements from both arteries were repeated at 5, 15, 30, 45, and 60 minutes after this first feed. At the time of each Doppler measurement the heart rate and blood pressure (Dinamap) were recorded for each baby. In five of the 20 infants peripheral arterial and in these Results rbon dioxide In our assessment of repeatability the mean inutes after, values of measurements of PSV, TAV, and PI from the superior mesenteric artery (in each case n= 100), and the SD of the difference between pairs, were 62-5 (4-6 cm/sec); 18-0 (1-3 OCITY cm/sec), and 69-0 (3 1%). The corresponding x ultrasound results expressed as coefficients of variation with a S519 with 0,95 probability were 15%, 14%, and 9%, [uency of 5-0 respectively. Similar results were obtained from f 5 0 MHz. the coeliac artery: mean values (SD of differ-125 Hz and ence between pairs) for PSV, TAV, and PI were a minimum 67-3 (4-3 cm/sec); 19-0 (1-2 cm/sec), and 66 an adequate (3-4%), with corresponding coefficients of '/cm2 spatial variation with 0 95 probability of 13%, 13%, and 10%. eliac arteries
The median PSV and TAV from the superior al abdominal mesenteric artery before the feed were 55-9 cm/ iich allowed sec and 10-6 cm/sec, respectively, and rose to a Le (gate size postprandial peak of 88-5 cm/sec and 20 5 cm/ he origin of sec at 45 minutes (fig 2) . Similarly in the coeliac The system artery PSV and TAV rose from median values orrection' to before the feed of 61-5 cm/sec and 18-3 cm/sec, respectively, to postprandial peaks of 108-0 cm/ vas obtained sec and 31-5 cm/sec at 45 minutes (fig 3) . At m permitted each postprandial interval the median PSV and s to be cap-TAV from each artery were significantly higher transforma-than before the feed (p<0 01). In individual Doppler sig-infants the blood flow velocity peaked at differcapture this ent times. Table 2 shows the time interval after average we the feed when babies had their maximal cycles, and increases in PSV and TAV measured in the ive cycles.
superior mesenteric artery. In most infants permitted the peak velocity occurred at 45 minutes after locity wave-the feed. Similar changes were observed from the e study were coeliac artery. e time aver-
The median PI before the feed in the superior e Pourcelot mesenteric artery was 76%, and this fell postdefined as prandially to a significantly lower value at e maximum 30 minutes (69 5%) and 60 minutes (71%) ie minimum (p<0 05) (fig 2) . We did not observe any signifilieved to be cant change in PI measured from the coeliac downstream artery (fig 3) . We accept that in this study, the Doppler measurements were not made 'blind' (the observer being aware of the timing and nature of the feed), and to try and remove any 'operator bias' we aim to undertake further studies in which the observer is unaware of whether 1 ml of milk, air, sterile water, or no feed at all has been introduced down the nasogastric tube.
We think that our observations represent genuine changes in flow velocity for the following reasons. Firstly, at each time interval measurements were made in a uniform way. There is no reason to suppose that measurements made at 45 minutes 'disturbed' infants any more than the previous measurements. Nor is there any reason to suppose that measurements made at 60 minutes (when flow velocities fell) caused less 'disturbance' than the measurements at 45 minutes. Secondly, there were no significant changes in heart rate of blood pressure throughout the study. Thirdly, the changes in flow velocities that we recorded were similar to those reported in adults after a meal, and consistent with the findings of Norryd et al who used a dye dilution method with catheterisation of the superior mesenteric artery and showed that in adults, flow increased within 15 minutes of the start of a meal. 9 Leidig measured changes in PSV, TAV, and PI from the superior mesenteric artery in preterm babies, but most of these infants had already been exposed to milk feeds and measurements were made after varying volumes of bolus feeds.8 He also observed that PSV and TAV rose by 15 minutes after the feed and peaked at 45 minutes. These changes were associated with a fall in PI. It was further observed that 'basal' flow velocities were higher in infants who had received larger volumes of milk. All infants had started feeding within 24 hours of birth with volumes according to postnatal age. It was, therefore, not possible to know whether postnatal age (or conceptional age) or previous 'milk loading' influenced basal flow velocities. As none of the infants in our study had previously received milk, basal flow velocity measurements were independent of exposure to feeds. None the less, we observed no correlation between any of the Doppler indices of flow from either artery with postnatal or conceptional age.
The control of intestinal blood flow in adults is complex and is determined by local regulatory mechanisms that are independent of neural control (metabolic and myogenic); extrinsic regulation (autonomic nervous system); and by circulating vasoactive substances. 0 Virtually nothing is known about the development of these regulatory mechanisms in fetal life and early infancy. We consider it unlikely that the increase in flow velocities observed after the small volume feed was related to an increase in small intestine motor activity, because Bisset et al observed disruption of fasting motor activity only after large bolus feeds in infants who had already been well established on oral feeds.5
It is important to note that similar changes were observed when measurements were made from both the coeliac axis and the superior mesenteric artery, consistent with there being an increase in blood flow to the stomach as well as the small intestine. Qamar et al, using a duplex scanning system, showed that there was an immediate increase in coeliac axis flow velocity that persisted for 10 minutes and returned to resting levels by 30 minutes in adults after the ingestion of a liquid meal. " In dogs a small increase in coeliac axis blood flow was observed after intragastric placement of food. 12 In our study the relationship between coeliac axis flow and superior mesenteric flow is unclear, although the time course of the rise after the 1 ml feed was similar, peaking at 45 minutes. We did not observe a significant effect on PI measured from the coeliac axis after the feed, although PI fell when measured from the superior mesenteric artery. If it is true that PI is an index of 'downstream' resistance, then a Doppler sample from the coeliac axis will reflect splenic and hepatic vascular resistance as well as the resistance of the gastric arterial bed. In this respect it is of interest that radioisotope imaging after a bolus injection of technetium in adults showed that there was a reduction in splenic and hepatic arterial flow during digestion. '3 The fact that a rise in flow velocity was observed as rapidly as five minutes after the introduction of the feed suggests that there is a flow regulatory mechanism operating-at least initially-in the stomach. It is possible that mechanical stimulation of the gastric mucosa by the milk bolus triggered the changes in blood flow velocity through a local reflex. Certainly mechanical stimulation of a denervated jejunal segment causes an increase in blood flow, a response which is probably not limited to the mucosa and which is blocked by 5-hydroxytryptamine.'4 If mechanical stimulation of the gastric mucosa was in part responsible for triggering the changes in flow velocity then there is no reason to suppose that the feeding tube itself was responsible as this was left in position undisturbed throughout the study.
A number of gastrointestinal and pancreatic polypeptide hormones such as secretin, cholecystokinin, and glucagon have been shown to increase intestinal blood flow in adults,'0 but the diversity of the experimental conditions is such that it is difficult to draw conclusions about a physiological role for any of these hormones in the regulation of intestinal or gastric blood flow. Certainly in preterm infants, following the first feed of human milk, plasma glucagon concentration did not rise. it is unlikely that a postprandial surge in plasma gastrin was implicated in the observed rise in flow velocities. Whether the changes in flow velocity we have observed in this study are initiated by a stimulus arising in the stomach or beyond the stomach (or both) is unclear. This could probably be clarified by repeating these studies with a small bolus of feed introduced through a transpyloric tube.
